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(57) ABSTRACT

A method, apparatus, and computer readable medium for
identifying a person in an image includes an image analyzer.
The image analyzer determines the content of an image such
as a person, location, and object shown in the image. A person
in the image may be identified based on the content and event
data stored in a database. Event data includes information
concerning events and related people, locations, and objects
determined from other images and information. Identification
metadata is generated and linked to each analyzed image and
comprises information determined during image analysis.
Tags for images are generated based on identification meta-
data. The event database can be queried to identify particular
people, locations, objects, and events depending on a user’s
request.

20 Claims, 5 Drawing Sheets

USER
DEVICE

1o CONTENT
PROVIDER




U.S. Patent Sep. 8, 2015 Sheet 1 of 5 US 9,129,151 B2

TG 1 0 pevc
0 14
r“‘““g“m ) e ‘i\\mvf 1
] bwe 4 \
i ANALYZER o A«f
CONTENT

FIG. 2

DETERMINE THE CONTENT OF | . 90
THE IMAGE

IDENTIFYING A PERSON IN THE
IMAGE BASED ON THE P 202
CONTENT AND EVENT DATA

3

GENERATE IDENTIFICATION
METADATA TN RESPONSE T0 | . 904
DENTIFYING THE PERSON IN

THE THAGE




U.S. Patent

Sep. 8, 2015 Sheet 2 of 5

FIG. 3

DETERMING A PRELIMINARILY
IDENTIFICATION OF A PERSON
SHOWN IN THE IMAGE

-~ 300

DETERMINE AN OBJECT SHOWN
N THE IMAGE

o~ 302

DETERMINE A LOCATION
SHOWN IN THE IMaGE

- 304

y

DETERMINE ENVIRONMENTAL
CONDITIONS SHOWN TN THE
IMAGE

e 306

US 9,129,151 B2



US 9,129,151 B2

Sheet 3 of 5

Sep. 8, 2015

U.S. Patent

4
NOSTNIA VELVY W G0 o
SHOOOMI | 3NON HON SHOH ST Rd 00 B00L/S/E L Lagy
o vy | 0N §002/5/¢ |
T BN
ST : NOZ T TF | RVOHIND w ]
SO | ON o SOMKOL o 65| goq M9 08T 0KL/8/S | £ s
| HUNS ANV IS 80
CIMOL | JSON CISYA | SSYHWA OFT NVIP | i L one
ISVOA0 | i | e v | e IS N | lva | STSERO WV 0B ie/et/a |
HOSNHOT Y8V
woLYIpis | SINOT NITE -S04 ssnom ,
SHOOOME INON NDnd | IVITI ‘S0P NOF | s mes soe NTIMOTIVH | Bd 000 Bi02/18/00 b eoob
o NS 508
SHOLLIONOO NI INIS I T a
e e R Y 714034 NOWOT pg | M T e
; 5 — ; : ; g T
3 2 12 s 9l O S 1 S Tt
v DI



US 9,129,151 B2

Sheet 4 of 5

Sep. 8, 2015

U.S. Patent

7
SIOHS LS e 1504
, TETICEL ” _
NACIING | NIONHN | SISSYIONNS | Ya0a1S S0 are WY 98 0I0T/8T/8 e | e
ANWE L 3Hm
W9y | osovl o INON mwwww%w %mwww SEVES |t e | pozfefe | OO
TN INE | NAONE wor | ¢ s
Y18
1o
DY SUBIVING [OBYTION | SNV ” RS -
DIOHS | NMOuS ELLL AN el b sougl | LR 2 son/is/ol a0 1
HISNTT | 30T a
ave | | SR M SIORS RS | SIWG L ML | VO BN |
; - 3 ey w % g 5 5
14N HIAM 875 1ZAY TN AN #iG aig Fig PN HH S
S 515



U.S. Patent Sep. 8, 2015 Sheet 5 of 5 US 9,129,151 B2

FIG. 6
HETWORK 1~ 606
INTERFACE
608 -§04 §12
Y | ,,3/ §
1/0 PROCESSOR STORAGE

uiMoRy Lo 610




US 9,129,151 B2

1
METHOD AND APPARATUS FOR
AUTOMATED ANALYSIS AND
IDENTIFICATION OF A PERSON IN IMAGE
AND VIDEO CONTENT

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/207,974 filed Aug. 11, 2011 the disclosure of
which is herein incorporated by reference in its entirety.

FIELD OF THE DISCLOSURE

The present disclosure relates generally to visual identifi-
cation, and more particularly to identifying a person in an
image or video.

BACKGROUND

Image acquisition devices such as video and still picture
cameras allow users to record images of various events. After
images have been captured, the images are often loaded onto
a local or remote storage device, such as a hard drive, for later
retrieval. Since storage devices can contain a large number of
images, the identification and categorization of images is a
problem. Further, since a large number of images are stored,
specific images of people, places, or objects are hard to locate.

Facial recognition can be used to detect people in images.
However, facial recognition can fail to correctly identify
people and also may not be able to detect a person when the
person’s appearance changes.

SUMMARY

In one embodiment, a method for image analysis com-
prises determining the content of the image and identifying
the person in the image based on the content and event data.
Identification metadata is generated after the person in the
image is identified. The identification of the person in the
image may additionally be based on existing metadata asso-
ciated with the image. Determining content in the image may
include determining a location depicted in an image and a
preliminary identification of a person in the image. In one
embodiment, a notification is transmitted to a person identi-
fied in the image. Identification metadata associated with the
image may be linked to the image. In another embodiment, a
tag for an image is generated based on metadata associated
with the image.

These and other advantages of the general inventive con-
cept will be apparent to those of ordinary skill in the art by
reference to the following detailed description and the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a system for identifying a person in an image;

FIG. 2 is a flowchart showing a method for use with the
system of FIG. 1;

FIG. 3 is a flowchart showing details of step 200 in FIG. 2;

FIG. 4 depicts the organization of an event table stored in
an event database according to one embodiment;

FIG. 5 depicts the organization of a person table stored in
the event database according to one embodiment; and

FIG. 6 is a high-level block diagram of a computer capable
of implementing an image analyzer.

DETAILED DESCRIPTION

Described in an embodiment of the disclosed technology is
a method and apparatus for identifying a person in an image.
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Images are analyzed by an image analyzer to determine con-
tent of an image. The content of an image can include a
person, a location, an object, an environmental condition, etc.
For example, an image may show a man (person) at the Grand
Canyon (location) holding an umbrella (object) on a rainy day
(environmental condition) as determined by facial, object,
and environmental condition recognition. In this example, the
content of the image consists of a person, the Grand Canyon,
anumbrella, and rain. Facial recognition can be used to make
a preliminary identification of person in the image. The con-
tent of the image is then used in conjunction with event data
stored in a database to identify the person in the image (or
confirm the preliminary identification of the person in the
image determined using facial recognition). If the person in
the image is preliminarily identified as Bob Jones using facial
recognition, this preliminary identification can be confirmed
using determined content in conjunction with event data
stored in an event database. The event database contains a
number of tables comprised of records of events, people,
objects, etc. For example, event records can indicate the date
and time of an event, people who attended the event, the
location of the event, and objects at the event. Person records
can contain information concerning where a person was at
various dates and times, what the person was wearing at those
dates and times, as well as visual characteristics of the person
atthose dates and times. The information in the event data can
be entered by a user or determined using images retrieved
from various sources and analyzed.

The preliminary identification of Bob Jones in the image
can be confirmed by determining if Bob Jones was at the
Grand Canyon at a date and time associated with the image
(e.g., from metadata associated with the image) using infor-
mation contained in the event database. If information in the
event database indicates that Bob Jones was at the Grand
Canyon at the date and time associated with image, then the
preliminary identification of Bob Jones can be confirmed.
Identification metadata indicating that Bob Jones is shown in
the image is then generated and linked with the analyzed
image.

FIG. 1 shows a schematic of a system in which one embodi-
ment of a method for identifying people in images and video
may be implemented. User device 10 is an electronic device
such as a personal computer, digital camera, personal digital
assistant, smart phone, or cell phone. User device 10 is in
communication with image analyzer 14 via network 12 which
can be any type of wired or wireless network. Network 12 can
vary in size from a local area network to a wide area network.
Network 12, in one embodiment, is the Internet. User device
10 may alternatively be connected directly to image analyzer
14. As shown in FIG. 1, image analyzer 14 is also in commu-
nication with content provider 16 via network 12. Although
only one content provider is shown, image analyzer 14 can
connect to multiple providers via network 12. Content pro-
vider 16 may be one of various providers such as businesses
or individuals providing information to others via network
12. Although not shown in FIG. 1, image analyzer 14 can be
connected via network 12 to additional sources of informa-
tion including both public sources such as businesses and
private sources such as individuals. Image analyzer is in com-
munication with database 20 which stores images and asso-
ciated data such as metadata and audio related to an image.

Image analyzer 14 analyzes images to identify people
shown in these images. Image analyzer 14 uses event data
stored in event database 20 in conjunction with content iden-
tified in a particular image to identify people shown in the
particular image. Images for analysis may be received or
retrieved from user device 10, network 12, or content provider
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16. For example, a user may transmit an image for analysis
from user device 10 via network 12 to image analyzer 14.
Images may also be retrieved from user device 10, network
12, and content provider 16 via a request from image analyzer
14. In one embodiment, image analyzer 14 crawls network 12
searching for images for analysis. It should be noted that an
image may be one of a sequence of images in a video. Thus,
video can be analyzed as described herein similar to images
but on a frame by frame or scene by scene basis.

FIG. 2 depicts a flowchart of a method for identifying a
person in an image, according to one embodiment, for use
with the system of FIG. 1. A particular image to be analyzed
can be acquired in various ways such as transmitted to image
analyzer 14 by a user via user device 10 or retrieved from
network 12 or content provider 16 by image analyzer 14. At
step 200 image analyzer 14 determines the content of the
image. The content of an image is what the image depicts. For
example, the content of an image is the people, place, objects,
environmental conditions, etc. shown in the image. At step
202, image analyzer 14 identifies a person in the image based
on the content determined in step 200 and event data, as
described in further detail below. At step 204 image analyzer
14 generates identification metadata in response to determin-
ing the person in the image.

In one embodiment, the identification metadata associated
with an image can be used to generate one or more tags for the
image. Tagging is metadata associated with an image and may
be generated by a user. Tags can also be generated by a
computer by analyzing the images and associated data. Tag-
ging can be automated using the identification metadata gen-
erated using the method depicted in FIG. 2. Automated tag-
ging of images can be based on generated identification
metadata alone or in conjunction with tags currently associ-
ated with an image.

FIG. 3 depicts a flowchart of steps performed when deter-
mining the content of an image in step 200 of FIG. 2. At step
300, image analyzer 14 makes a preliminary identification of
aperson shown in the image using, in one embodiment, facial
recognition. In addition, various expressions a person makes
can be used to assist in identification (e.g. emotion detection).
Other types of identification may be used such as body rec-
ognition, activity or gait recognition, lip-based activity rec-
ognition, iris recognition, fingerprint recognition, etc.
depending on what features of a person the image contains.
Another type of identification can be based on the clothes a
person wears frequently.

At step 302, image analyzer 304 determines an object
shown in the image. An object is a thing or physical body.
Object recognition is used in one embodiment to identify
objects depicted in an image. For example, vehicles, furni-
ture, household items, and other objects may be identified in
an image using object recognition. Objects that are rare or
unique may be additionally classified as landmarks (e.g. the
Eitfel Tower or Cinderella’s Castle).

At step 304, image analyzer 14 determines a location
shown in the image. A location is a place shown in an image
and, in many images, the place the image was captured.
Environmental features (e.g., scenery) and objects deter-
mined to be shown in an image may be used to determine the
location shown in an image. For example, scenery such as
grassy rolling hills, sand dunes, jungle, city, or other scenery
may provide clues as to the location shown in an image.
Objects and landmarks determined to be shown in an image
may also be used to determine the location shown in the
image. Although well known landmarks such as the Fiffel
Tower, Mount Rushmore, or the Statue of Liberty may enable
image analyzer 14 to determine a location with a relatively
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high level of confidence, other less famous “landmarks” can
be used to determine a location as well. For example, a per-
son’s house may be distinctive enough to determine a location
shown in an image with a certain level of confidence. One or
more environmental features and objects may be identified
and used in the determination of a location shown in an image.

At step 306, image analyzer determines environmental
conditions shown in the image. Environmental conditions
include weather and evidence of recent weather (e.g., snow).
For example, the weather shown in an image such as rain,
sleet, or snow, may be identified. In addition, other environ-
mental conditions, such as the position of the sun or stars
shown in an image, may be identified in addition to weather
conditions.

Additional steps for determining other types of content in
an image not shown in FIG. 3 may be used as well. For
example, text contained in an image may be recognized and
interpreted using text recognition. The clothing a person is
wearing, the person’s hair color and length, and other poten-
tial identifying characteristics and features may be deter-
mined as well. Other potential identifying characteristics and
features include emotion detection, the origin of the video or
photo (i.e., who took it and where), email addresses of who-
ever sent it (or to whomever it was sent), the age of the image
(when it was taken), the ages of the people in the image, and
audio information in the video that contains the image.

It should be noted that the determinations in the steps of
FIG. 3, as well as determinations of other types of content
shown in an image, may not result in accurate identifications.
To account for this potential inaccuracy, a level of confidence
concerning the accuracy of a determination can be generated
and associated with each determination. For example, a con-
fidence level of 1 to 100 can be associated with a determina-
tion. If a determination is made in which multiple points of
data correspond, then a high confidence level such as 90 may
be associated with the determination. If a determination is
made in which only a few points of data correspond, then a
low confidence level such as 10 may be associated with the
determination. The determination and their associated levels
of confidence can be used to aid in identifying the person in
the image and the content of the image as described further
below.

Existing metadata is often associated with an image cap-
tured using a camera or other device. Existing metadata can
indicate the date the image was captured, the time of capture,
and in some cases, additional information such as the camera
make and model, and camera setting used for the photo. In
some cases, existing metadata may also include geographic
information indicating the location of the camera when the
image was captured. Existing metadata may be associated
with an image using a standard such as Exchangeable Image
File Format (EXIF) or other standard. Existing metadata can
be used to assist in determining the content of an image.

Content of the image determined in step 200 of FIG. 2 and
described in steps 300-306 of FIG. 3 is then used in conjunc-
tion with event data to identify the person in the image at step
202 of FIG. 2.

Event data consists of information concerning a particular
event, people, objects, locations, environmental conditions,
etc. Event data is generated by analyzing images received
from users and retrieved from various sources such as net-
work 12 and content provider 16. Event data may also be
generated by a user entering data. Event data is stored in event
database 20, in one embodiment, as a collection of tables
which can be accessed by image analyzer 14. A particular
event can be considered a specific time or a range of times in
which something occurred. For example, an event may have
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occurred on Jan. 1, 2010 at 1:01 am or other date and time.
Particular events may have a specific duration such as a few
seconds (e.g., sports play), a few minutes (e.g., a child’s
recital), or hours (e.g., a wedding).

FIG. 4 depicts an example of how event data corresponding
to particular events may be stored as an event table in database
20 according to one embodiment. Each event record 400, 402,
404, 406, etc. has a unique identification number 410. Each
event record 400-406 has multiple fields associated with it,
for example, date 412, time 414, event title 416, location 418,
people present 420, objects present 422, landmarks 424, envi-
ronmental conditions 426, etc. Additional fields may be
added to further define events (such as a time zone). As
described above, data in the event table of FIG. 4 may be
generated by a user entering data or from images acquired and
analyzed by image analyzer 14.

Event database 20 also stores tables concerning specific
people, objects, locations, and environmental conditions.
FIG. 5 depicts an example of a person table in which data
concerning people may be stored. Each person record 500,
502, 504, etc. has aunique person ID 510. Each person record
500-504 has multiple fields associated with it, for example,
name 512, date 514, time 516, pants 518, shirt 520, shoes 522,
hat 524, eyewear 526, hair color 528, and hair length 530.
Additional fields may be added to further define a specific
person at a specific date and time (such as a time zone).
Similar to the event table of FIG. 4, the data in the person table
of FIG. 5 may be generated by a user entering data or from
images acquired and analyzed by image analyzer 14.

Event data can be generated based on images previously
acquired from various sources. For example, event data can
be generated by analysis of various images obtained from
content provider 16. An individual’s collection of photos
located on user device 10 may be used to generate event data.
Additional information can be obtained from other sources
such as contact lists, email addresses, calendars, notes, public
event announcements, social networking linkages between
friends and family, personal call history, frequent co-location
of'one or more people as determined by location information
form global positioning services (GPSs), etc.

Returning to FIG. 2, at step 202, the content determined in
the image and the event data are used to identify a person in an
image in a variety of ways.

A preliminary identification of a person based on image
content using facial recognition can be confirmed using event
data. For example, if a person in an image is preliminarily
identified as Bob Jones, event data can be used to confirm the
preliminary identification. Other types of content determined
to be shown in the image preliminarily identifying Bob Jones,
such as the location depicted in the image, can be compared to
event data stored in database 20. If, for example, the location
depicted in the image is Bob Jones’ house and event data
stored in database 20 indicates that Bob Jones is known to
have been in his house at the date and time of the image, then
it is reasonably probable that the preliminary identification of
Bob Jones in the image is correct and thus confirmed with a
level of confidence corresponding to a level of confidence
associated with the related event data.

Other types of event data may also be used to confirm the
preliminary identification of Bob Jones in the image. For
example, if content analysis of an image preliminarily iden-
tifies Bob Jones as a person in the image, event data as shown
in FIG. 5 can be used to confirm the preliminary identification
with an increased level of confidence. If Bob Jones is identi-
fied as wearing certain clothes in the image, the clothes worn
by Bob Jones at the date and time of the image can be checked
against information stored in one or more records such as the
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records shown in FIG. 5. If the identification of the clothes
worn by Bob Jones in the image match the clothes identified
in event data as being worn by Bob Jones at approximately the
same date and time as when the image was captured, then the
preliminary identification of Bob Jones as the person in the
image can be confirmed with a level of confidence corre-
sponding to the level confidence associated with the record in
database 20. In one embodiment, probability distribution or
interpolated methodology may be used to identify people
with varying probability. A classifier can be used for different
aspects/features separately or collectively/in conjunction. For
example, an exact match of the clothes a person is wearing
may not be needed to identify the person. If the person being
identified is wearing similar clothes in all previous images,
then an algorithm can be used to classify with a certain prob-
ability a match of the person in the image with the same
person wearing different clothes in previous images.

In some images, not all of the people in the image may be
recognized by content analysis (i.e., facial recognition). For
example, if four people are determined to be in an image and
only three are capable of being preliminarily identified using
facial recognition, the identity of the fourth person may be
determined using event data. If the image is determined to be
associated with an event in which four people are present, this
information can be used to identify the unknown fourth per-
son shown in the image. Additional event data such as the
clothes the fourth person is known to be wearing at the
approximate date and time of the image may be used to
confirm the identification of the fourth person with a level of
confidence based on the additional event data used to make
the identification. Additionally, if the forth person can be
identified in another picture taken at the same event, features
like the clothes that the person is wearing can be used to
identify the person in another photo in which his/her face is
not sufficiently visible to be identified.

It should be noted that event data can be used to determine
that a preliminary identification of a person in an image is
incorrect. For example, content analysis of an image using
facial recognition may resultin a preliminary identification of
a person as a particular individual at a particular location.
Event data may indicate that the particular individual was not
at the location identified in the image, and thus, the prelimi-
nary identification is incorrect. For example, location data or
calendar data could indicate that the person is at a different
location or event. Additional event data may then be used to
determine the identification of the person in the image.

Additional information associated with an image can be
used to determine the content of the image. For example,
since video is comprised of a sequence ofimages, each image,
or a selected subset of images, of a video may be analyzed to
determine the content of the image. The information obtained
by this analysis of a sequence of images can be used to
determine the content of each particular image. For example,
each image in a sequence of images in a video may not depict
people or objects completely as they may be cut out or
occluded as they move out of frame in the sequence. The
people or objects cut off in one image may be determined
using images that occur before and after the current image
that may contain complete depictions of the cut off person or
object.

Audio associated with an image or video may also be
analyzed using speech recognition, speaker identification,
natural language processing, or the classification of environ-
mental sounds (e.g., street, forest, desert, etc.) for use in
determining the content of a related image. For example, a
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person’s voiceprint may be identified and associated with a
person shown in an image or video thereby identifying the
person.

At step 204 of FIG. 2, image analyzer 14 generates identi-
fication metadata in response to identifying the person in the
image. The identification metadata can be linked and stored
with the related image. For example, an image and the asso-
ciated metadata can be stored in the same file or location (e.g.
EXIF data). The identification metadata can also be stored
separate from the image with information identifying the
image to which the identification metadata pertains. For
example, identification metadata can be associated with a
unique identifier that identifies a particular image.

The identification metadata generated at step 204 of FIG. 2
can additionally be used to add to the data contained in event
database 20. For example, a person identified in an image
together with information associated with the image can be
used to created new records in the tables of FIGS. 4 and 5 as
well as additional tables as appropriate.

Event data can be used to provide users with various
images of a particular person, object, location, etc. For
example, numerous images of a particular person can be
provided to a user through user device 10 by querying data-
base 20 via network 12 and image analyzer 14. In addition,
images of a particular person over a particular period of time
can be provided to auser. Various combinations of identifying
information may be used to provide images to a user. For
example, a user can query database 20 for a particular person
at a particular location and be provided with one or more
images based on the query.

A series of images of a particular person can be arranged
for presentation based on event data associated with the par-
ticular person. For example, one image per year can be
selected to form a sequence of images showing a particular
person over time. In addition, event data allows identification
and retrieval of images of a particular person at a particular
time. For example, an image of a particular person 20 years
ago can be determined using event data and then provided to
a user.

In one embodiment, a particular person can be notified
when an image depicting them is found. For example, image
analyzer 14 can be configured to search various sources such
as content provider 16, web 18, and one or more user devices
such as user device 10 to acquire and analyze images. Image
analyzer 14 can transmit a notification to a user when a
particular person is identified in a new image. An image in
which person is identified may be cropped and/or zoomed in
to the particular person identified.

In one embodiment, event data stored in event database 20
can be used to identify images of a person at a specific time.
For example, a user can query event database 20 to identify
images of a person 20 years ago. Images of the particular
person having dates approximately 20 years prior to the cur-
rent date can be identified and presented to a user. A user can
also query event database 20 to identify pictures of locations,
objects, people, etc. as well as combinations of elements. For
example, a user can query event database 20 for images of a
particular person at a particular location including certain
objects.

It should be noted that some users may be authorized to
update or correct information contained in event database 20.
For example, if the identification of people, objects, or loca-
tions is considered incorrect by a particular user, that user
may be able to correct the identification of the particular
person, object, or location. Event database 20 may be updated
immediately to correct the information or it may be corrected
after multiple users have requested the same correction.
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It should be noted that the methods of identification
described above can be used to determine content of images
that are being transmitted in substantially real time such as
video broadcasts and video conferencing. Identifications of
people, locations, and objects, made during analysis can be
used to augment the information contained in the video. For
example, people shown in a video can be identified as the
video is being shown and an overlay of identification infor-
mation can be provided to a viewer.

In one embodiment, the identification of people, locations
and objects in images can be augmented using information
contained in communications associated with the images. In
one embodiment, text of emails containing images can be
scanned to determine if the text provides additional identifi-
cation information concerning the images. In this embodi-
ment, text in an email such as ‘“Pictures of Jon Vanhass at the
beach” can be used to augment the identification of people in
the attached images as well as the location shown in the
images. In addition, this information can be stored in event
database 20 for use in later identifications.

In another embodiment, information from event data could
be stored in database 20 and used to estimate social relation-
ships between people from many images. As different people
areidentified using the content of images and event data about
those people and images are stored, the system can begin to
estimate social relationships between individuals. These rela-
tionships would have stronger or weaker computed links
based on the co-occurrence of people (420 of FIG. 4) and
event data from the corresponding images that they were
identified in. For example, as Zoe Ellen and Nathanial Jack-
son appeared in more images together in different locations,
the strength of a computed a social link could be incremented
and the system might propose that Zoe and Nathanial are
friends or are related. Similarly, if additional links between
Zoe Ellen and Mary Ellen as well as Byron Ellen and Mary
Ellen could be formulated. On subsequent computations, the
system could then propose a weak link between Zoe and
Byron or Nathanial and Mary. In an additional embodiment,
social links determined as friends computed with the afore-
mentioned technique could be promoted to stronger social
link indicating family if other personal attributes like hair
color (528 of FI1G. 5), hair length (530 of FIG. 5), time (516 of
FIG. 5), etc. from the event database 20 are considered as
factual input to a statistical classification routine.

Image analyzer 14 may be implemented on a computer to
perform the methods of FIGS. 2 and 3. A high-level block
diagram of such a computer is illustrated in FIG. 6. Computer
602 contains a processor 604 which controls the overall
operation of the computer 602 by executing computer pro-
gram instructions which define such operation. The computer
program instructions may be stored in a storage device 612, or
other computer readable medium (e.g., magnetic disk, CD
ROM, etc.), and loaded into memory 610 when execution of
the computer program instructions is desired. Thus, the
method steps of FIGS. 2 and 3 can be defined by the computer
program instructions stored in the memory 610 and/or storage
612 and controlled by the processor 604 executing the com-
puter program instructions. For example, the computer pro-
gram instructions can be implemented as computer execut-
able code programmed by one skilled in the art to perform an
algorithm defined by the method steps of FIGS. 2 and 3.
Accordingly, by executing the computer program instruc-
tions, the processor 1004 executes an algorithm defined by
the method steps of FIG. 3. The computer 602 also includes
one or more network interfaces 606 for communicating with
other devices via a network. The computer 602 also includes
input/output devices 608 that enable user interaction with the
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computer 602 (e.g., display, keyboard, mouse, speakers, but-
tons, etc.) One skilled in the art will recognize that an imple-
mentation of an actual computer could contain other compo-
nents as well, and that FIG. 6 is a high level representation of
some of the components of such a computer for illustrative
purposes.

The foregoing Detailed Description is to be understood as
being in every respect illustrative and exemplary, but not
restrictive, and the scope of the general inventive concept
herein is not to be determined from the Detailed Description,
but rather from the claims as interpreted according to the full
breadth permitted by the patent laws. It is to be understood
that the embodiments shown and described herein are only
illustrative of the principles of the present inventive concept
and that various modifications may be implemented by those
skilled in the art without departing from the scope and spirit of
the general inventive concept. Those skilled in the art could
implement various other feature combinations without
departing from the scope and spirit of the general inventive
concept.

The invention claimed is:

1. A method comprising:

determining, by a processor, an identification of'a person in

a first image, captured at a first time, based on a first

portion of the person being depicted in the first image;
determining, by the processor, a location depicted in the

first image based on content depicted in the first image;

identifying, by the processor, a second image, captured at a

second time different from the first time, depicting a
second portion of the person being depicted in the first
image;

determining, by the processor, a location depicted in the

second image based on content depicted in the second
image; and

confirming, by the processor, the identification of the per-

son in the first image based on the location depicted in
the first image matching the location depicted in the
second image and a comparison of content of the first
image and content of the second image.

2. The method of claim 1 further comprising:

generating identification metadata in response to confirm-

ing the identification of the person in the first image.

3. The method of claim 2 further comprising:

linking the identification metadata to the first image.

4. The method of claim 2 further comprising:

generating a tag for the first image based on the identifica-

tion metadata.

5. The method of claim 1, wherein the confirming the
identification of the person in the first image is further based
on existing metadata associated with the first image.

6. The method of claim 1 further comprising:

transmitting a notification to a user associated with the

person identified in the first image.

7. The method of claim 1, wherein the second portion is a
more complete image of the person than the first portion.

8. An apparatus comprising:

a processor; and

a memory to store computer program instructions, the

computer program instructions when executed on the
processor cause the processor to perform operations
comprising:

determining an identification of a person in a first image,

captured at a first time, based on a first portion of the
person being depicted in the first image;

determining a location depicted in the first image based on

content depicted in the first image;
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identifying a second image, captured at a second time
different from the first time, depicting a second portion
of the person being depicted in the first image;

determining a location depicted in the second image based
on content depicted in the second image; and

confirming the identification of the person in the first image
based on the location depicted in the first image match-
ing the location depicted in the second image and a
comparison of content of the first image and content of
the second image.

9. The apparatus of claim 8, the operations further com-
prising:

generating identification metadata in response to confirm-

ing the identification of the person in the first image.

10. The apparatus of claim 9, the operations further com-
prising:

linking the identification metadata to the first image.

11. The apparatus of claim 9, the operations further com-
prising:

generating a tag for the first image based on the identifica-

tion metadata.

12. The apparatus of claim 8, wherein the confirming the
identification of the person in the first image is further based
on existing metadata associated with the first image.

13. The apparatus of claim 8, the operations further com-
prising:

transmitting a notification to a user associated with the

person identified in the first image.

14. The apparatus of claim 8, wherein the second portion is
a more complete image of the person than the first portion.

15. A computer readable storage device storing computer
program instructions, which, when executed on a processor,
cause the processor to perform operations comprising:

determining an identification of a person in a first image,

captured at a first time, based on a first portion of the
person being depicted in the first image;

determining a location depicted in the first image based on

content depicted in the first image;
identifying a second image, captured at a second time
different from the first time, depicting a second portion
of the person being depicted in the first image;

determining a location depicted in the second image based
on content depicted in the second image; and

confirming the identification of the person in the first image
based on the location depicted in the first image match-
ing the location depicted in the second image and a
comparison of content of the first image and content of
the second image.

16. The computer readable storage device of claim 15, the
operations further comprising:

generating identification metadata in response to confirm-

ing the identification of the person in the first image.

17. The computer readable storage device of claim 16, the
operations further comprising:

linking the identification metadata to the first image.

18. The computer readable storage device of claim 15,
wherein the confirming the identification of the person in the
first image is further based on existing metadata associated
with the first image.

19. The computer readable storage device of claim 15, the
operations further comprising:

transmitting a notification to a user associated with the

person identified in the first image.

20. The computer readable storage device of claim 15,
wherein the second portion is a more complete image of the
person than the first portion.
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